SUMMARY In a series of 2922 karyotyped spontaneous abortions, 62 were found to be trisomic for chromosome 13 Seventy karyotyped abortions had a structural 
Many types of chromosome abnormality that are entirely absent from, or rarely found in, the liveborn population are frequent among spontaneous abortions and, for this reason, abortions are particularly advantageous for the study of chromosome abnormalities. We recently completed a cytogenetic survey of a series of consecutive spontaneous abortions occurring in a single maternity hospital in Honolulu, Hawaii between April 1976 and May 1985 . The main purposes of our study were to investigate the contribution of chromosome abnormalities to reproductive wastage, to determine the parental origin of the chromosome aberrations, and to study the epidemiology of the various classes of cytogenetic abnormalities.
Autosomal trisomies are the largest single class of chromosome abnormality seen among spontaneous abortions. Trisomies for all autosomes, with the exception of 1 and 19, have been detected in spontaneous abortions, but only three autosomal trisomies are found with any frequency among livebirths. Chromosome 13 is one such chromosome but, nevertheless, for every trisomy 13 born alive about 50 are lost before birth, the great majority as spontaneous abortions. It is the purpose of the present paper to document the 62 trisomy 13 conceptions ascertained in our surveyed population of spontaneous abortions and to compare them with liveborns with an additional chromosome 13.
Material
The nature of the population studied and the Seventy karyotyped abortions had a structural The translocation trisomy 13 cases have a significantly lower maternal age than the simple trisomics (t=2-57, p<O-05) and a lower maternal age than the two control populations. This is because the occurrence of de novo unbalanced Robertsonian translocations and the conception of unbalanced familial t (13;14) offspring are unrelated to increased parental age.8 9 Thus, the maternal age of the translocation trisomics is similar to that of the entire obstetric population which has been shown to be lower than that of women whose pregnancies terminate as spontaneous abortions."') These maternal age data provide further evidence against the so called 'relaxed selection' hypothesis, as this predicts a rise in the mean maternal ages of both translocation and simple trisomy 13.11
REPRODUCTIVE HISTORY
The reproductive history of both the simple and the translocation trisomies is very similar to that of the two control populations (table 5) . There are slightly more spontaneous abortions in the translocation group, especially allowing for their younger age. The spontaneous abortions among translocations are almost all in the familial or possibly familial groups, reflecting the tendency of carriers of a t (13;14) to have an increased number of spontaneous abortions.'2 Indeed the 'sib' of K689, a familial translocation trisomy 13, was also studied in our abortion survey and found to be a translocation trisomy 14. Of our trisomy 13 abortions, 26% had a Robertsonian translocation, a figure very similar to that reported among liveborn cases of trisomy 13.13 Thus, the translocation cases appear indistinguishable from the simple trisomic cases with respect to intrauterine mortality. The proportion of translocations in trisomy 13 is much higher than that seen in trisomy 21 where some 4% of live births are translocations.13 Among our abortion survey we identified 77 cases of trisomy 21 of which three (4%) were translocations, again a proportion almost identical to that seen among live births.
In our series of translocation trisomy 13 abortions, five involved two chromosomes 13 and the remaining 11 involved a chromosome 13 and a chromosome 14. Among 48 liveborn translocation trisomies reported by Hook, 13 18 were t(13; 13), 28 t(13; 14) , and two t(13;15), a distribution very similar to that seen in our abortion series. Among our five t(13;13), three were de novo mutants, and in two parental studies were not completed, while among our 11 translocation t(13;14), two were inherited, both from the mother, six were de novo mutants, and in three parental studies were incomplete. Our data are comparable to those reported by Hook13 in finding the majority of t(13;13) to be de novo mutants but, while Hook found 14 of 24 translocation t (13;14) to be familial, we found only two of eight to be inherited. This difference in proportion is not statistically significant.
If we assume that spontaneous abortions represent 15% of all clinically recognised pregnancies, our 2922 karyotyped abortions represent a total of 20 000 naturally terminating pregnancies. Among these we found five t (13;13) , of which all can be assumed to be mutants, and 11 t(13;14) associated with an additional chromosome 13, of which 75% or 8-25 can be assumed to be mutants. In the same series of spontaneous abortions, we found a further seven t(13;14) associated with trisomy for chromosome 14, of which four were familial and three mutants. Thus, among the 20 000 pregnancies represented by our karyotyped abortions, no fewer than 16 had a de novo unbalanced Robertsonian translocation involving a chromosome 13, a gametic mutation rate of 1-2x10-4 for t(13;13) and 2275X i-4 for t (13;14) , giving a total rate for unbalanced Robertsonian translocations involving a chromosome 13 of 4x 10-4 among all clinically recognised conceptions. It is this very high mutation rate that accounts for the large proportion of trisomic 13 conceptuses that are associated with a Robertsonian translocation. The reason why chromosome 13 (and chromosome 14) is involved in such mutational events so much more frequently than chromosomes 15, 21, and 22 is not known but may be due to differences in the centromeric or pericentromeric DNA of chromosomes 13 and 14 in comparison with the other acrocentric chromosomes. Studies of the centromeric regions of the human acrocentric chromosomes at the molecular level might well shed light on the reasons for the astonishingly large number of structural abnormalities involving these regions and the non-random nature of these abnormalities. 
